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Abstract: The rat median nerve model is a well-established and frequently used model for peripheral
nerve injury and repair. The grasping test is the gold-standard to evaluate functional recovery in this
model. However, no comprehensive review exists to summarize the course of functional recovery in
regard to the lesion type. According to PRISMA-guidelines, research was performed, including the
databases PubMed and Web of Science. Groups were: (1) crush injury, (2) transection with end-to-end
or with (3) end-to-side coaptation and (4) isogenic or acellular allogenic grafting. Total and respective
number, as well as rat strain, type of nerve defect, length of isogenic or acellular allogenic allografts,
time at first signs of motor recovery (FSR) and maximal recovery grasping strength (MRGS), were
evaluated. In total, 47 articles met the inclusion criteria. Group I showed earliest signs of motor
recovery. Slow recovery was observable in group III and in graft length above 25 mm. Isografts
recovered faster compared to other grafts. The onset and course of recovery is heavily dependent
from the type of nerve injury. The grasping test should be used complementary in addition to other
volitional and non-volitional tests. Repetitive examinations should be planned carefully to optimize
assessment of valid and reliable data.

Keywords: median nerve; grasping test; nerve repair; nerve crush; nerve transection; rat; animal;
functional recovery; autograft; allograft

1. Introduction

Experimental models of peripheral nerve injury are essential to expand our under-
standing of neural regeneration following therapeutic interventions, which we continuously
strive to improve, given the dramatic impact of peripheral nerve injuries on the affected
patients” quality of life [1-3]. The most frequently used rodent model to study peripheral
nerve injury and regeneration is the sciatic nerve of the rat [4,5]. However, this model
has some major disadvantages, such as the nerve’s mixed fiber type and its innervation
of antagonistic muscles [6]. Most importantly, automutilation, e.g., the partial or total
gnawing of the affected hind paw is frequently observed following sciatic nerve transection,
assumed to be caused at least partially by neuropathic pain. This results in exclusion of
animals with automutilations or inaccurate assessment of functional recovery which is
often performed by means of walking track analysis or computerized gait analysis in such
models of peripheral nerve injuries [6-8]. The rat median nerve model offers an interesting
alternative [9]. As one of the main nerves of the brachial plexus, the median nerve provides
muscular innervation to the flexor muscles of the paw and toes, e.g., the flexor digitorum
superficialis and profundus muscles as well as sensory innervation for the medial aspect of
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the paw and digits I-1II [10-12]. Rats with median nerve injury show a significant lower
rate of automutilations, despite the onset of neuropathic pain following median nerve
injury [13]. Additionally, translation of basic discoveries made in this preclinical model
into clinical applications seems to be more appropriate, especially because upper extrem-
ity nerve injuries are more than three times more common than lower extremity nerve
injuries [14,15]. Moreover, the brachial plexus of the rat is comparable in its components
and branching to that of humans [16]. Another advantage of the rat median nerve model is
the availability of several functional tests such as the staircase test developed by Montoya
et al., the ladder rung walking test by Mets and Whishaw or computerized gait analysis,
which was recently shown to be a valuable additional tool to assess functional recovery
in rats with median nerve injury [7,11,17-19]. However, there is no single set of recovery
evaluation standards recognized today [9]. The grasping test is a well-established method
for functional assessment of median nerve injuries and was first introduced in 1995 by
Bertelli and Mira [10]. In the original version of the assessment technique, rats were lifted
by the tail and allowed to grasp the grid of a cage connected to an ordinary electronic
scale. The animals were then gently lifted upwards by pulling at them at the base of their
tails to induce the grasping reflex. Maximum grasping strength was measured in three
consecutive trials and both maximal and median grasping strength were obtained. The
use of the contralateral forepaw could either be prevented permanently for the course
of the experiment via surgical denervation or by wrapping it with adhesive tape [10,20].
By using a bilateral median nerve injury model, stress due to fixation of the uninjured
paw during the testing procedure could be avoided while the number of animals could be
also decreased in accordance with the “3 R” of in vivo research. [10,20-23]. Papalia et al.
modified the original approach in 2003 by using a small tower with triangle-formed bars
and adhesive tape placed just under the grasping bars (Figure 1) [13]. This prevents the
rats from introducing the entire paw under the bar and to use their wrist flexor muscles
to lift the grasping bar. Moreover, with this setup, it is impossible for rats to walk on the
triangle, a phenomenon which was frequently reported by Bertelli when he introduced the
grasping test in 1995 [10,13]. In 2019, Hanwright and colleagues reported a new assess-
ment technique named stimulated grip strength testing (sGST) [24]. For sGST the median
nerve was stimulated percutaneously while the rat was in anesthesia, eliciting maximal
tetanic contraction of the digital flexors, i.e., the superficial and profound flexor digitorum
profundus muscles. The authors compared the results of this new evaluation method to
volitional grip strength measurements as described above and isometric tetanic muscle
force testing. They found that sGST demonstrated greater reliability and inter-trial repeata-
bility than volitional grip strength measurement and showed a reliability comparable to
isometric tetanic muscle force testing. Additionally, sGST allowed for the additional benefit
of serial measurements.

In regard to the sciatic nerve model of the rat, a comprehensive systematic review
published in 2021 has summarized the functional outcome following nerve injury and
repair in this commonly used model of peripheral nerve injury [1]. Several authors have
addressed the advantages and disadvantages of the rat sciatic nerve model [6,25,26]. A
comprehensive review and meta-analysis of the course of functional recovery can serve as
a valuable aid to researchers aiming to test a new therapeutic approach or reconstructive
technique in this model when conceptualizing and planning their study. To the best of
our knowledge, no study has yet comprehensively evaluated the course of functional
recovery as assessed by the grasping test in different types of median nerve injury in rats.
Therefore, this in this work, we aimed to report and summarize the course of functional
recovery following crush injuries, transections and segmental resection of the rat median
nerve by means of a systematic review and meta-analysis. Special attention was placed on
the period until first signs of recovery (FSR) and maximal recovery of grasping strength
(MRGS), respectively, became observable. Given that the grasping test is considered the
gold standard method for functional examinations of median nerve injuries in rats, this
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work also discusses advantages and disadvantages of this assessment and its limitations.
We conclude with an outlook on possible further applications of the method in the future.
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Figure 1. Schematic representation of the grasping test modified by Papalia et al., 2003 [13].

2. Materials and Methods

The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines for systematic review and meta-analysis were followed [27]. This review’s
protocol was registered with the International Platform of Registered Systematic Review
and Meta-Analysis Protocols (INPLASY) on the 15th of July 2022 and was last updated
on 15th of July 2022 (Registration number: INPLASY 202270074). In accordance with the
PRISMA guidelines, we aimed to summarize which models of rat median nerve injury
have been evaluated with the grasping test so far. Moreover, we intended to compile
which degree of functional recovery could be expected in every specific model. Therefore,
we performed a comprehensive literature research by using the full-text archive PubMed
and Web of Science. We used the search terms “rat”, “median nerve” and “grasping test”
and their combinations, respectively. Figure 2 illustrates the flow chart of the systematic
literature search according to PRISMA guidelines. Following title and abstract screening,
the full texts of possibly eligible studies were retrieved and reviewed in regard to the
predefined inclusion and exclusion criteria (Figure 2). Of note, only such studies were
included which featured at least two postoperative time points at in which functional
recovery was evaluated. Excluding criteria involved the use of models of partial nerve
injuries, spinal cord and spinal root injuries. After application of these criteria, 47 papers
utilizing the grasping test to evaluate functional recovery in rats with median nerve injuries
were included in this review. These studies’ publication dates ranged from 1995 to 2021.

The included studies (Table A1) were then clustered in four main groups based on
the respective nerve injury model used and reconstructive approach examined by the
investigators: (I) crush injuries (axonotmesis), (II) nerve transection (neurotmesis) and
subsequent end-to-end repair with or without adjuvant therapies, (III) nerve transection
(neurotmesis) and subsequent end-to-side neurorrhaphy with or without adjuvant thera-
pies, and (IV) segmental nerve injuries (neurotmesis) reconstructed with Isogenic, acellular
allogenic or other types of grafts with or without adjuvant therapies.
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Figure 2. Flow chart of the systematic literature search according to the PRISMA guidelines [27]. The
flow chart depicts the selection process of the retrieved studies in chronological order. We used the
search terms: “rat”, “median nerve”, “grasping test” and their respective combinations.

For the overall number of included studies in general and each study in particular,
the following data were extracted: (1) name(s) of the rat strain(s) used, (2) included rats
per study, (3) type of nerve defect and (4) length of the isogenic or acellular allografts. We
also calculated the time at first signs of motor recovery (FSR, in days) based on the data
extracted from each study. We defined the FSR as the time interval that has passed between
the experimental nerve injury and the postoperative time point which provided the first
measurable grasping strength or visually detectable sign of reinnervation of the extrinsic
flexor muscles, e.g., voluntary toe flexion. In case the respective data were reported and
could be extracted from the manuscript, we also calculated the maximal recovery grasping
strength (MRGS, in days), defined as the period between the experimental nerve injury
and the postoperative time point at which maximum values of grasping strength during
respective postoperative period, could be observed.

Data Analysis

Data are represented in absolute values as boxplots with the mean separately indicated.
No further statistical comparisons between groups were performed due to the heterogeneity
of the individual studies in regard to data reporting, length of the postoperative follow-up
and the number of follow-up examinations.

3. Results

A total of 1758 animals, mostly female Wistar rats, were included in all studies which
were considered eligible for this work. The respective rats’ strain and sex are summarized
in Table 1. Automutilations, joint contractures or weight loss due to insufficient food intake
were not reported in any study. In total, 46 rats (2.6% of the studied population) died during
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the respective observation period. The only reported reason was hypovolemic shock due
to hematoma formation [28].

Table 1. Strains and sexes of all rats included in the 47 articles which were found to be eligible for
this review. * Note that in one included study two different of rat strains were used [19].

Strain and Sexes * Female Male
Wistar 23 4
Lewis 5 3
Lister Hooded 1 0
Sprague Dawley 12 0

The most frequently used nerve injury model (Table 2) among all included studies
was segmental neurotmesis, repaired by means of an isogenic nerve graft and compared
to allograft +/— adjuvant therapies (44.7%). Non-segmental neurotmesis, e.g., nerve
transection repaired with end-to-end neurorrhaphy +/— adjuvant therapy, was the second
most frequently used model (21.2%).

Table 2. Groups and nerve models’ distribution in 47 articles (two of them used different models,
so this resulted in 49 models in total). I: Crush injury II: Transected nerve with End-to-End repair
and/or adjuvant therapies III: Transected nerve with End-to-Side repair and/or adjuvant therapies
IV: Isogenic, acellular allogenic or other grafts.

Group
I 7 (14.9%)
I 13 (21.2%)
111 8 (17%)
v 21 (44.7%)

The earliest manifestations of first signs of motor recovery (FSR) (Figure 3) were
observable in the crush injury group (n = 165) starting from the eighth postoperative day
(median = 10, mean = 10.4) with constant motor performance from postoperative day 21 to
32. Rats in the other groups (II-IV) showed an inhomogeneous onset of functional recovery.
The mean time point of FSR in the End-to-End repair group was 23.3 days in group II
(median = 21), 75.4 days in group III (median = 70) and 47 days in group IV (median = 47,
mean = 42).

In case of experimental nerve grafting (Figure 4), grafts with lengths of under 15 mm
were most frequently used (52.4%, 11/21 articles). The FSR ranged between 12 and 60 days
with an average of 41 days (median = 42). Nerve reconstruction using grafts with lengths
under 25 mm resulted in a mean FSR of 45.3 days (median = 37). Grafts with lengths of
more than 25 mm were used in five studies, (22% of all studies). Out of these articles,
four studies reported a FSR of 38 to 150 days postoperatively with a mean of 68 days
(median = 42). In one article, FSR was not reported.

In studies which used autografts for nerve reconstruction (Figure 5), the earliest FSR
was reported on day 28. The mean FSR following nerve repair by autografts was 52.6 days
(median = 42). In case acellular allogenic grafts or other grafts were used, the FSR ranged
between postoperative day 30 to 90 (mean = 69.8, median = 77).

In groups in which median nerve transection was performed (group II and III) the
MRGS (Figure 6) could be extracted from 16 out of 21 articles (76.2%). Rats undergoing
end-to-end repair showed a mean MRGS of 99.9 days (median 91 days), whereas in end-
to-side-repair groups a mean MRGS of 137.2 days (median 112 days) was observable
(Figure 6).
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Crush injury End-to-End repair End-to-Side repair Graft
(FSR in d) (FSRin d) (FSR in d) (FSR in d)
14 160 160 160
]
13 140 140 140
12 120 120 120
11 100 100 100
10 80 80 80
9 60 60 60
8 40 40 40
7 20 20 20
6 0 0 0

Figure 3. First signs of motor recovery (FSR) in group I-IV. X: mean. Horizontal line: median. dot: outlier.

Length < 14mm Length 15-24mm Length > 25mm
(FSR in d) (FSR in d) (FSR in d)
160 160 160
140 140 140
120 120 120
100 100 100
80 80 80
60 60 60
40 40 40
20 20 20
0 0 0

Figure 4. First signs of motor recovery (FSR) following nerve repair with graft length < 14 mm,
15-24 mm and > 25 mm. x: median. horizontal line: mean.

FSR in autologous FSR in grafts other than
nerve grafts with autologous nerves with
length < 24mm (in d) length <24 mm (in d)
100 100
90 90
80 80
70 70
60 60
50 50
40 40
30 30
20 20
10 10
0 0

Figure 5. First signs of motor recovery (FSR) following repair of the median nerve with autologous nerve
grafts (left) compared to other grafts (right) with length < 24 mm. x: median. horizontal line: mean.
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Figure 6. Maximal recovery grasping strength (MRGS) in end-to-end repair and end-to-side repair. x:

median. horizontal line: mean.

4. Discussion
4.1. Use of the Grasping Test to Assess Functional Recovery in the Rat Median Nerve Model

The advantages of the grasping test as assessment method for functional recovery
following murine median nerve injuries have been pointed out previously by other au-
thors [10,13,22]. Considering that functional recovery is the most important criterion to
determine the effect of any neurogenerative treatment or reconstructive technique [29], the
grasping test is a very specific functional assessment for median nerve injuries, because
finger flexion is predominantly mediated by the median nerve in rats [20]. The grasping
test indicates the precise day on which functional recovery begins without the need of
complex preparation or anesthesia [10,22]. Moreover, the grasping test is widely used to
evaluate the motor function of median nerve innervated muscles and, therefore, a plethora
of comparative data is available [11].

Alternative methods, such as sGST or noninvasive electrophysiological recordings,
require anesthetized animals, so volitional movement cannot be measured in this con-
text [22,24]. On the other hand, non-volitional testing is more precise with fewer fluctua-
tions in functional improvement after nerve repair, and also has the advantage of detection
of earlier signs of nerve regeneration compared to the conventional grasping test. As
pointed out previously, this technique also allows for serial measurement without the
imminent decrease of animal motivation to participate in the procedure [24]. Furthermore,
complementary methods, such as electrophysiological assessments, can evaluate subtle
differences during the process of nerve regeneration, although differences in functional re-
covery, e.g., grasping strength, might be missing [11,30-32]. However, the need of repetitive
anesthesia is still problematic in regard to animal welfare [33,34].

Besides its benefits, the grasping test has some major limitations. First, its results
heavily depend on the speed with which the animal is moved towards the ceiling to provoke
the grasping reflex. No method has been developed so far to standardize this movements;
therefore, it is mandatory that the measurements are performed by the same investigator
to reduce interexperimenter variability [7,13,20]. Second, certain rat strains such as rats
of the Lewis strain display a lack of motivation in participating in the grasping test when
it is per-formed repeatedly, leading to fluctuating performances or even unreproducible
results [7,22]. Next, the grasping test was shown to address a sensory-motoric reflex
circuit, so that the inference of altered sensation of the front paws, the experience of
neuropathic pain or other sensory disturbances might influence its results [7]. Last but not
least, the assumption that the flexor digitorum superficialis and profundus muscles are
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predominantly innervated by the median nerve with no or only insignificant contribution
of the ulnar nerve is still a matter of scientific debate [7]. Therefore, we deem it reasonable
to further evaluate the specific innervation pattern in detail, e.g., by means of retrograde
labelling or other techniques which allow to unveil the contribution of both the median and
ulnar nerve to innervation of the long finger flexor muscles. In this context, interindividual
and inter-strain variations should also be considered.

4.2. Functional Recovery in the Context of the Respective Nerve Injury Model Used

Axonotmesis [35], e.g., discontinuity of the axon which can be induced by a crush
injury of a nerve, is a widely used experimental approach in murine models, especially
the sciatic nerve model of the rat [20,36,37]. In our analysis, the “median nerve crush
injury”-group showed a FSR which ranged between postoperative day 8 and 12. Ronchi
et al. presented a standardized median nerve model for axonotmetic lesions with a degree
of functional recovery of 75% as compared to preoperative grasping strength values at
day 28 [36]. Other authors reported a MRGS of three or four weeks following median nerve
crush injury [19,38]. It should be mentioned that crush injuries show fast recovery with very
good results in general and the surgical interventions are almost never necessary [4,7,35,36].
Therefore, the FSR and MRGS values our study reports for this specific subgroup of median
nerve injury models are not particularly surprising. Besides its fast recovery ad integrum,
the crush injury models have other substantial advantages. A standardized crush injury
can be introduced with basic laboratory equipment and no microsurgical skills are needed.
However, it must be noted that the fast speed of nerve regeneration following axonotmesis
also has disadvantageous implications. Due to the fast speed of nerve regeneration, and,
therefore, functional recovery in rodents, differences in nerve regeneration which might
relate to the respective experimental treatment approaches or therapies are difficult to
detect, hampering translational research in this small animal models [26,39].

Our work shows that in case of neurotmesis, e.g., transection of the entire nerve
including its enveloping sheaths, of the rat median nerve, functional recovery ad integrum
is highly unlikely to occur. Best functional outcomes were observable following direct
nerve coaptation in end-to-end technique, mirroring results of primary repair of the median
nerve in humans [40]. Like sciatic nerve models, second best outcomes were obtained
following autograft repair of segmental nerve injuries [1].

Nerve repair by means of end-to-side coaptation resulted in a prolonged recovery
time which was almost three times slower longer than following end-to-end coaptation
(Figure 6). In our opinion, the selection of donor nerves should be considered as important
factor in case of end-to-side neurorrhaphy, i.e., nerve transfer, as was shown by other
authors [41]. Papalia et al. noted that also antagonistic nerves, e.g., the radial nerve
as donor for the median nerve, can be used as donors for end-to-side neurorrhaphy,
but the duration of the postoperative observation period must be increased [42]. The
surgical paradigm of nerve transfers has gained increasing popularity during the last
two decades [43] with new concepts such as the “babysitter” [44,45] end-to-side nerve
transfer or the “supercharge” [46] reverse end-to-side nerve transfer. Now, as ever, clinical
and preclinical research on nerve transfers is a main area of interest within the scientific
community of peripheral nerve researchers [47,48]. We, therefore, advise that preclinical
researcher interested in this area should carefully consider the time period until first
signs of functional recovery can be expected when the rat median nerve is used as an
experimental model. The use of autologous nerve grafts is considered the gold-standard
method for reconstruction of segmental nerve defects [49-51]. This is also mirrored by the
results of our analysis as the functional outcome of autologous nerve grafting was superior
compared to the results following nerve repair by means of other grafts (Figures 4 and 5).
Studies with graft length greater than 24 mm were not compared because just one of
them investigated grafts other than autografts and, in this investigation, rats failed to
show functional recovery [49]. Defects larger than 25 mm are difficult to create surgically
due to the small forelimb length of rats [52]. Sinis et al. described a model for nerve
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regeneration across a 40 mm gap in the rat by using a cross-chest median nerve transfer [53].
Bertelli et al. accommodated the graft by tunneling it over the dorsal side of the triceps
muscle [54]. These studies had in common that rats treated with such long grafts were able
to recover motor function, e.g., grasping, in general, but postoperative follow-up times
of up to 12 months are necessary to adequately monitor the course of functional recovery
following nerve grafting over of defects which such extensive size. Therefore, in principle,
larger defects can also be examined by means of the grasping test, but this will require
longer postoperative follow-up and vice-versa higher expenses in regard to animal housing,
etc. [23,53-56]. However, the influence of the graft length on functional recovery remains a
subject of scientific debate, especially when comparing preclinical rodent models to human
patients [52,56]. Variation in lengths of nerve autografts and allografts were shown to
significantly influence the course of functional recovery [57-59]. In our analysis, shorter
graft with lengths below 15 mm were not associated with faster recovery compared to graft
with lengths below 25 mm (Figure 4). The heterogeneity among the studies included in our
analysis (e.g., different follow-up intervals, different treatments, etc.) could, in our opinion,
serve as a valid explanation for the observed irregularities and differing results. Moreover,
the level of the nerve damage (upper part or middle part of the brachium) and, therefore,
the distance the regenerating nerve has to overcome, as well as the defect length, influences
the functional recovery [60,61]. In any case, a tension free-coaptation is paramount to
achieve optimal functional results, given the detrimental effects of tension on intraneural
perfusion [62-66].

The respective injury model is of high importance regarding the planning of a pre-
clinical study of peripheral nerve injury and repair. The same applies to the amount and
frequency of postoperative evaluations of functional recovery following experimental nerve
surgery. With this work, we provide researchers in the field of preclinical peripheral nerve
research a valuable guide in the style of a reference book which will help to choose the
appropriate framework conditions for their respective study when utilizing the median
nerve model of the rat.

4.3. Limitations of This Work

Concerning the studies included in our review, there was no standardized setup of
postoperative evaluation time-points by means of the grasping test. Given the heterogene-
ity of observation periods, as well as time points of functional assessments and follow-up
examinations, only a limited analysis could be performed. The overall length of postopera-
tive follow-up in the included studies differed from 12 to 48 weeks; therefore, there was
also a limitation in regard to the calculation of the MRGS and its comparability between the
different included studies. In summary, functional nerve regeneration could be observed
in all the nerve injury types mentioned before, striking differences to the spatial course of
functional recovery were also apparent. A very important tool for the interpretation of data
in motor function is the stagnation of recovery after nerve injury. Referring to the rat me-
dian nerve model, our work indicates that stagnation of recovery can be expected between
the 13th and 18th postoperative week, regardless which injury model is used [67,68].

5. Conclusions

Our work revealed that the earliest signs of functional recovery as assessed by the
grasping test in rats can be expected in models of median nerve crush injuries between
8 and 12 days. Primary end-to-end repair results in better functional outcomes than
end-to-side repair with a median recovery time of 21 days compared to 70 days. For
reconstruction of segmental nerve defects, autologous grafts are superior to other grafts.
Based on our results, the critical length for functional recovery in the rat forelimb is a nerve
graft with a length of about 20-24 mm. In such cases, first signs of functional recovery
might be observable after more than 3-4 months, by the earliest. The main benefits of the
grasping test, e.g., specific assessment of the median nerve’s target organs by means of
a simple method have been outlined by us and other authors. However, depending on
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the specific research question, other complementary evaluation methods for functional
recovery, computerized gait analysis should be considered for an experimental study
utilizing the rat median nerve model. Follow-up examinations should be limited to the
minimum amount required so that the animals do not lose motivation to participate in
investigations, especially when rats of the Lewis strain are used. For neurotmesis models,
the over-all length of the observational period should exceed 100 days in case that maximal
functional recovery should be observed. Overall, this review is intended for experimental
researchers interested in the field of peripheral nerve injuries and nerve regeneration. It
provides valuable information for planning and conducting experiments involving the rat
median nerve model. Special emphasis is placed on the grasping test, its advantages and
its limitations. By applying the above instructions, sources of error can be avoided in order
to achieve reliable and valid results.
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Appendix A

Table Al. Summary of all studies included in this systematic review. FSR: First Signs of Motor
Recovery (FSR) MRGS: Maximal Recovery Grasping Strength.

Defect Graft Observation

Rat . Type of

Study Content Strain Injury Length Length Interval FSR MRGS
Comparison of
fresh or frozen
Accioli-De- ;tlllt(; gl;szt; (Z; Spracue Segmental Every 3 m(f)rr;t;s for
Vaconcellos & prag 64 neu- 10 mm 20 mm 3 months for 12 months
allografts Dawley . contralateral
etal., 1999 [69] rotmesis 12 months
repopulated by autograft
autologous
Schwann cells
Beck- . Nerve
Broichsitter B:byséttfr Wistar 20 transec- / / ‘{\éesiditf}?r Two weeks 13 weeks
etal,, 2014 [67] procedure tion onths
Beck- . Nerve
Broichsitter P;’.ﬂii Itl;lagnetlc Wistar 24 transec- / / X\éeekly tf}(\)r Two weeks 13 weeks
etal., 2014 [70] 1eld therapy tion months
J. A. Bertelli & . Sprague Crush .
Mira, 1995 [10] Grasping test Dawley 65 injury / / Daily 8 days 32 days
Vascularised
J. A. Bertelli ulnaris vs. Sprague Nerve 5 .
etal., 1996 [71] Conventional Dawley 84 triir;srvlec- ’ 20 mm Daily 19 days 360 days

ulnaris transfer
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Rat Type of Defect Graft Observation
Study Content Strain " Injury Length Length Interval FSR MRGS
Daily for
J. A. Bertelli Effect of . Crush 14 days + after
et al., 1998 [38] neurolysis Wistar 30 injury / / 21,42 and 10 days 21 days
84 days
Daily for 60
. Nerve
J. A. Bertelli . g 5 days + after 90, 5
et al., 2004 [55] 40 mm graft Wistar 33 tr?irz)snec ? 40 mm 180, 240, 360 44 days ?
and 510 days
J. A. Bertelli Sprague Nerve 8 mm, 10 mm, . 8 mm: 57-65
Muscle graft 124 transec- Daily days 10 mm: ?
et al., 2005 [72] Dawley . 18 mm 20 mm
tion 68-73 days
10 mm:
. 12-15 days,
Newe B 0mm, Dali a0 s
]. A. Bertelli Spmgue 13 mm, 15 mm, ’ an 14-16 da s,
et al., 2005 [54] Graft length Dawley 84 tri.nsec— 20mm, 20 mm, 3éq days 20 mm}:’ 360 days
ion 25 mm 25 mm following onset 32-40 days,
of recovery 4
25 mm:
38-46 days
Daily + after 90,
J. A. Bertelli Predegenerated Spracie Nerve 180, 270 and
o graft vs. normal prag 68 transec- 18 mm 20 mm 360 days 18-22 days 360 days
et al., 2006 [73] Dawley . .
graft tion following onset
of recovery
90 days for
conven-
Autologous Nerve Every 15 days tional nerve
Casal et al., conduits with Wistar 120 transec- 10 mm 10 mm for 100 days 30 davs flap and
2018 [28] different patterns tion after y arterialized
of blood supply © reconstruction neurove-
nous
flap
Evaluation Nerve
Casal et al., . 10 Weekly for
2020 [11] methods of Wistar 34 trapsec- 10 mm mm? 14 weeks 60 days 100 days
recovery tion
. . Nerve After 30, 90,
Colonna et al, Wrapping Wlth Wistar 16 transec- / / 150 and 30 days 210 days
2019 [74] collagen conduit .
tion 210 days
Low intensity .
Daeschler et al., ultrasound for Sprague Nerve Weekly until
60 transec- / / 7 weeks Three weeks 8 weeks
2018 [31] axonal Dawley .
. tion post-surgery
regeneration
. . Nerve Every two
Dietzmeyer Chltosz?n nerve Lewis 16 transec- 10 mm 14 mm weeks for Six weeks ?
etal., 2019 [68] guides .
tion 16 weeks
Ferreira et al Effect of treadmill Crush Atday 11 and
v exercise after Wistar 21 .. / / day 21 11 days 21 days
2019 [75] . . injury
crush injury post-surgery
. Nerve Every three
Fregnan et al., Chltos.an Wistar 12 transec- 5 mm 10 mm weeks for Six weeks ?
2016 [76] conduits .
tion 12 weeks
. Nerve
Fregnan et al., Silk-based nerve . Every 3 weeks
2020 [77] conduit Wistar 36 triir:;ec- 10 mm 12 mm for 24 weeks 6 weeks 12 weeks
. Effect of Nerve
Fornazari et al., . . Weekly for
2011 [75] neurotrophic Wistar 40 tra'nsec— / / 12 weeks 42 days 84 days
factor tion
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Rat

Type of

Defect Graft

Observation

Study Content Strain " Injury Length Length Interval FSR MRGS
Nerve . Weekly crush injury: 4 weeks for
. in week 1-4 crush
Galtrey & - Lewis + transec- . 10 days .
Characterization . . postoperatlvely injury,
Fawcett, 2007 . Lister 24 tion + / / nerve
of functional tests + 6 and . 14 weeks
[19] Hooded Crush transection:
. 14 weeks post- for nerve
injury ) 21 days for .
operatively transection
Local delivery of Nerve
Gambarotta . . Every 3 weeks
_ ?
etal., 2015 [79] Neuregulin 1 Wistar 15 transec ? 10 mm for 12 weeks 6 weeks 12 weeks
receptor tion
Daily up to first
N Nerve signs of
Gh;gf ; 1[2e§]al., N;r::;()len Sggzﬁge 60 transec- ? 40 mm recovery + 90 40 days ?
Py Y tion and 180 days
postoperatively
Low-power laser
Gigo-Benato biostimulation . Nerve Biweekly for
et al., 2004 [80] after end-to-side Wistar 16 tril;;ec— / / 16 weeks 10 weeks 16 weeks
neurorrhaphy
Porcine Nerve
Hanwright extracellular . Weekly for 5
etal., 2021 [81] matrix nerve Lewis 40 tr?ir;srtlec— / / 15 weeks 4 weeks ’
wrap
Heinzel et al Nerve Weekly for
v Gait analysis Lewis 10 transec- 7 mm 7 mm Y 4 weeks 12 weeks
2021 [7] . 12 weeks
tion
Jung et al., 2009 End-to-side Sprague Nerve Preci%ezizvelyr
[82] neurorrhaphy Dawley 45 tret;lir;snec— / / 20 weeks after 10 weeks 20 weeks
operation
Daily until
Nerve recovery + 30,
Kechele et al., Suture under . 60, 90, 120, 150
2011 [60] tension Wistar 40 trilir;srfc— / / and 180 days 14 days 180 days
postopera-
tively
Lutz et al., 1999 Effects of Sprague Nerve Ever
[83]-’ systemically [;jaw%e 32 transec- / / 34 We}e,ks 2 weeks 15 weeks
: applied IGF-1 Y tion
Effects of IGF-1
. after nerve Nerve Every two
Lutz, Wei, et al., transection and Sprague 32 transec- / / weeks for 2 weeks ?
1999 [84] . Dawley .
repair vs. Nerve tion 15 weeks
crushing injury
Selection of . .
Lutz et al., 2000 donor sites for Sprague Nerve After first signs
. 21 transec- / / of recovery, 12 4 weeks 16 weeks
[40] end-to-side Dawley .
tion and 16 weeks
neurorrhaphy
Crush
Machado et al., Stretch-induced . and Daily for
2013 [85] nerve injury Wistar 36 stretch / / 30 days 12 days 30 days
injury
.. Amnion muscle Nerve
Marchesini combined graft Wistar 14 transec- 15 mm 15 mm After 30, 60 and 30 days ?
et al., 2018 [86] . . 90 days
conduits tion
Papalia. Geuna Terminolateral Nerve Preoperatively,
paha, ’ neurorrhaphy of Wistar 20 transec- / / 2,8,22 and 22 weeks ?
et al., 2003 [87] .
the ulnar nerve tion 28 weeks
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Rat Type of Defect Graft Observation
Study Content Strain " Injury Length Length Interval FSR MRGS
Pavalia. Tos Modified device Nerve
ot alp 2063 [l ,;] of the grasping Wistar 6 transec- / / Biweekly 10 weeks 16 weeks
v - test tion
. End-to-side Nerve
Pazlz)a&;a[z’;]a L neurorrhaphy Wistar 14 transec- / / 4 12(’)1‘,3; Ei:nd 70 days 210 days
(radialis) tion
Vein conduits
Papalia e al filled with Nerve 10 mm
pol 3[88] v lipoaspirate- Wistar 20 transec- 10 mm ?) Monthly 2 months ?
derived entire tion ’
adipose tissue
Epineural Nerve Preoperatively,
Papalia et al., window while Wistar 19 transec- / / 15, 25 and 15 weeks 5
2016 [89] end-to-side tion 36 weeks after ’
neurorraphy surgery
. Preoperatively,
Ronchi et al., Assessment of . Crush ’
2009 [36] crush injury Wistar 20 injury / / every 5 dta\ys 15 days 30 days
postoperatively
. Nerve
Ronchi et al., Delayed nerve . Every 3 weeks 5
2017 [90] repair Wistar 36 tra.n sec / / for 6 months 6 weeks :
tion
Early and
delayed use of 10 and 21 days
Sazr(l)tlozs [egtlz]ﬂ., phototherapies in Wistar 24 Ertllih / / postopera- 10 days 21 days
crushed median Jury tively
nerves
Sinisetal, 2005 ~ Conduits filled Nerve " ilziealf;er
" with Schwann Lewis 76 transec- 20 mm 20 mm . 8 weeks 24 weeks
[21] cells tion postoperatively
for 33 weeks
- Cross chest Nerve
Sinis e[t5§1]" 2006 median nerve Lewis 12 transec- ? 40 mm 1\{[;) r;};;};}fgr 5 months 12 months
transfer tion
Experiences and
results with
different
.. synthetically Nerve
Sinis et al., 2006 developed Lewis 76 transec- ? 20 mm ? Six weeks ?
[92] P
materials, cellular tion
and acellular
tubes and venous
conduits
Sinis et al., 2009 Administration Nerve
[9%]" of Deferoxamine Wistar 48 transec- / / Weekly 4 weeks 12 weeks
N tion
Hemostatic Nerve
Sinis et al., 2011 procedures .
X Wistar 36 transec- / / Weekly 4 weeks 12 weeks
[94] during nerve tion
reconstruction
Reflex-based
grasping, skilled
StoRel et al forelimb reaching Nerve
2017 [22] v and Lewis 16 transec- 7 mm 7 mm Every 4 weeks 5 weeks 12 weeks
electrodiagnostic tion
evaluation in
comparison
Nerve Weekly after Neurorrhaphy:
Werdin et al., Electrophysical . 4 weeks 5 weeks
- Wistar 54 transec- 20 mm 20 mm . . 16 weeks
2009 [30] testing . postoperatively Autograft:
tion
for 20 weeks 12 weeks
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